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(57) ABSTRACT 

A method and apparatus are disclosed for optimizing the 
runtime behavior of database or other applications by alloW 
ing selection of alternative code segments during linking of 
pre-compiled object modules. A macro-preprocessor inserts 
a declaration for a global variable in the source code in 
response to an occurrence of a command of interest. The 
linker selects object modules for executing other commands 
based on the presence or absence of the declaration for the 
global variable in the preprocessed source code. The method 
and apparatus are useful in implementing programming 
language statements including non-procedural programming 
languages such as the Embedded Structured Query Lan 
guage (ESQL). 
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LINKTIME RECOGNITION OF ALTERNATIVE 
IMPLEMENTATIONS OF PROGRAMMED 

FUNCTIONALITY 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to generating an 
ef?cient executable corresponding to a program Written in a 
higher-level computer programming language, and more 
particularly to use indicators that change the executable code 
to take into account the context in implementing a particular 
command. 

BACKGROUND OF THE INVENTION 

[0002] The advent of databases and e-commerce requires 
the ability to request services from a variety of databases 
Without knoWing the exact implementation of the database 
or of the statements used to request the services. These 
request statements are made in a non-procedural program 
ming language that does not provide an explicit implemen 
tation. Instead, the developers of particular databases or 
non-procedural programming language statements provide 
proprietary implementations for the statements rendered in 
the non-procedural language. 

[0003] Structured Query Language (“SQL”) is an illustra 
tive example of a non-procedural language. SQL differs 
from a procedural language like FORTRAN in that it does 
not specify hoW a particular request is carried out, but 
instead alloWs the database manager to provide the relevant 
details. Thus, a command in SQL merely states a request and 
not hoW it is carried out. 

[0004] SQL includes: a Data Development Language 
(“DDL”) for creating databases and data structures, but not 
necessarily data itself; a Data Manipulation Language 
(“DML”) facilitating database maintenance and actual 
operations on data; and a Data Control Language (“DCL”) 
for specifying security requirements. Some examples of 
SQL commands include the DDL commands CREATE, 
ALTER and DROP, DML statements and functions such as 
INSERT, UPDATE, DELETE, SELECT, COUNT, SUM and 
the like, and DCL commands such as COMMIT, ROLL 
BACK, GRANT and REVOKE. 

[0005] SQL permits interactions With a database in an 
atomic manner, ie only one user may access a unit of data, 
to prevent other users from changing the database betWeen 
operations constituting a transaction. The code used to 
implement these commands and functions is the responsi 
bility of the database developer or vendor. Of course, 
universal support for SQL commands ensures that any user 
can access and use a SQL compliant database regardless of 
the database vendor and particular implementation details. 

[0006] SQL commands such as COMMIT and ROLL 
BACK are of interest in an exemplary embodiment of the 
invention. These SQL commands protect a database against 
inadvertent corruption. To this end the database itself is not 
affected until the COMMIT command is given. If an error 
occurs then a ROLLBACK command restores the state of 
the system to that at the conclusion of the previous COM 
MIT command. A transaction is terminated by either a 
COMMIT command or ROLLBACK command combined 
With alloWing other users access to the data. AROLLBACK 
command requires buffering of all operations folloWing a 
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COMMIT command to permit restoration of the state fol 
loWing the COMMIT command. 

[0007] If the transaction fails or a user cancels a transac 
tion, a ROLLBACK results in clearing the buffered opera 
tions and removing access restrictions to restore the database 
to its state prior to the initiation of the noW failed transaction. 
On the other hand, a COMMIT command results in updating 
the database folloWed by clearing of the buffered operations. 

[0008] Another SQL command, SAVEPOINT, enables 
restoring the system to an earlier de?ned state that need not 
be the state at the conclusion of the previous COMMIT 
command. Like the COMMIT command in the context of 
the ROLLBACK command, SAVEPOINT provides a prior 
state of the system for the ROLLBACK command. Unlike 
the COMMIT command, hoWever, the SAVEPOINT com 
mand does not require changes to the database. Instead 
SAVEPOINT enables speci?cation of a de?ned state for 
system restoration. In some embodiments the SAVEPOINT 
command speci?es multiple earlier states distinguished by 
their respective identi?ers. If desired, the system can be 
restored to one of the speci?ed earlier states by executing a 
ROLLBACK to the speci?ed state. If a COMMIT command 
is given then all buffered operations are cleared along With 
the states speci?ed by the SAVEPOINT command. 

[0009] Implementing the SAVEPOINT or ROLLBACK 
commands requires considerable overhead since other com 
mands must therefore provide buffering. On the other hand, 
it is not necessary to support buffering if the SAVEPOINT 
or ROLLBACK commands are not used. A typical applica 
tion includes SQL statements in several ?les and a compiler 
compiles only one ?le at a time. Thus, it is not possible to 
decide When compiling a particular ?le Whether buffering 
related code is needed due to a statement in another ?le. 

[0010] SQL applications Written using SQL statements 
and functions can be combined With source code in a 
programming language such as C++ in Embedded SQL 
(“ESQL”). An ESQL application can include several source 
code ?les. The source ?les for an ESQL application are 
preprocessed by a macro-preprocessor. Typically, the macro 
preprocessor generates code for the various embedded SQL 
statements or introduces additional statements folloWed by a 
compiler compiling the output of the macro-preprocessor. 
Compiling a source ?le generates an object module corre 
sponding to the source ?le. The linker links object modules 
to generate the executable program. 

[0011] Compiling a source code ?le includes several 
operations. A compiler parses the source code, carries out 
several checks to ensure conformity With the programming 
language speci?cations and then translates the parsed code 
to generate a loWer level code such as machine code for 
execution on a computer. In some instances, the code is 
assembly or byte code that needs further translation for 
actual execution on a particular computer. A compiler allo 
cates memory for each variable to properly translate source 
code to generate executable code. The compiler allocates 
memory for each variable in accordance With a “type” 
speci?cation for the variable in question. 

[0012] Type information is speci?ed in a “declaration” 
statement. Each variable is assigned a particular type. The 
compiler enters the type information for each variable into 
a symbol table associated With an object module. When 
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several object modules in the same executable share a 
variable it is important to ensure that only one module 
actually allocates memory for the variable. The compiler 
allocates memory in response to a “de?nition” statement for 
a particular variable. HoWever, the declaration and/or de? 
nition statements are alloWed to be implicit in many pro 
gramming languages. 
[0013] The “C” programming language permits an 
“extern” declaration in a source ?le that tells the compiler 
that memory for the speci?ed variable is allocated in another 
?le. Consequently, a C compiler only creates a variable entry 
in the symbol table that serves as a place holder for the 
variable but leaves the actual memory allocation to another 
?le. The variable merely points to its entry in the symbol 
table and is redirected to the actual memory allocation 
folloWing identi?cation of the intended memory location. 
Thus, there are several declarations for a variable but there 
can be only one de?nition. No value can be assigned to a 
variable unless the variable is de?ned because there is no 
memory allocated to store it. 

[0014] FolloWing compilation, a linker links the resultant 
object ?les to generate the executable for the application. 
The linking may be static or dynamic. In static linking the 
object ?les identi?ed by the linker for the resolution of all 
variables are copied to generate an executable ?le. In 
contrast, dynamic linking alloWs fetching an object ?le at 
either load time or at runtime. Consequently, the same object 
module is used by several applications. As is evident, 
typically dynamic linking results in loWer memory require 
ments and smaller executable siZes. Furthermore, a pro 
grammer can modify and recompile a dynamically-linked 
module independent of another module, thus making soft 
Ware maintenance easier and less expensive. 

[0015] Declaring a variable With an “extern” keyWord 
requires the linker to identify the actual memory allocated 
for the variable in other object modules. To this end the 
linker searches symbol tables associated With object mod 
ules or libraries for a module providing a de?nition for the 
variable in question. This process is termed resolving the 
variable. Proper resolution of a variable is required before it 
can actually be used in an executable ?le. 

[0016] In softWare development projects a softWare appli 
cation is re?ned over the life of the project. Through the 
development process, concepts concerning various prob 
lems and solutions are often revised, and the functions and 
features of the ?nal softWare application are often quite 
different from those at the beginning of the project. Support 
for additional features supporting execution of other state 
ments in a non-procedural language statement reduces the 
execution ef?ciency of programs that do not use these 
additional features. On the other hand, adding distinct com 
mands to provide the additional features results in complex 
programming languages With many statements differing 
only in the context in Which they should be used. For 
example, if there is at least one command that requires 
buffering prior changes to a database in an SOL-based 
application, then implementations of other commands 
affecting the database need to support buffering. On the 
other hand, if no command requiring buffering is used in an 
application then the program overhead for buffering unnec 
essarily sloWs doWn the application. 

[0017] As a programming language evolves to develop 
speci?c commands for a particular context, developers have 
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to learn different commands for accomplishing similar tasks 
rather than preserving their existing familiarity With the 
programming tool. Similar sounding commands that differ 
in subtle but signi?cant details increase the risk that a 
programmer inadvertently uses the less effective command. 
Such errors are dif?cult to identify since some may only 
sporadically result in bugs. Therefore, it is desirable to have 
a system and method for providing contextually ef?cient 
implementations for a programming language command that 
can be invoked automatically Without requiring the pro 
grammer to use different commands to invoke optimiZed 
implementations for different contexts. 

SUMMARY OF THE INVENTION 

[0018] In vieW of the foregoing, the present invention 
provides a method and system for selecting one of several 
implementations of a higher level programming language 
statement in response to the occurrence or non-occurrence of 
another statement in a computer program. The invention 
enables transparent selection of contextually ef?cient code. 
Thus, users and developers need not use different higher 
language statements to invoke a context-speci?c implemen 
tation. 

[0019] A macro-preprocessor enables choosing a context 
sensitive implementation for a higher language statement. 
The macro-preprocessor introduces a ?rst global variable 
declaration in response to identifying a speci?c context. In 
an embodiment, the speci?c context is de?ned by the 
presence of one or more speci?ed statements in a source ?le 

processed by the macro-preprocessor. In an embodiment of 
the invention, the ?rst global variable enables setting a 
desired value for a second variable by introducing the 
second variable in a ?rst object module supplying the 
de?nition for the ?rst global variable. This strategy provides 
for a level of indirection to include the ?rst object module in 
response to identifying a speci?ed context. In the event the 
linker does not include the ?rst object module, an alternative 
de?nition for the second variable is provided in a second 
object module. 

[0020] In an embodiment of the invention a linker library 
object module is loaded using a Wrapper based upon the ?rst 
global variable. Moreover, an embodiment of the invention 
enables conditionally executing a ?rst program sequence in 
response to the second variable value specifying a context of 
interest. 

[0021] For instance, the need to support the underlying 
implementation of a RESTORE command may require a 
DELETE command to include buffering deleted data. HoW 
ever, if no RESTORE command is used in a program then 
there is no need to incur the overhead of buffering extensive 
information in the implementation of the DELETE com 
mand. 

[0022] It should be noted that the invention, While illus 
trated With SQL, is not limited to SQL or even non 
procedural languages, but instead includes higher-level lan 
guages and scripts. Such higher-level languages and scripts 
can bene?t from using different binary, byte-code or macro 
implementations for the same command depending on a 
particular context. 

[0023] Additional features and advantages of the inven 
tion Will be made apparent from the folloWing detailed 



US 2003/0046673 A1 

description of illustrative embodiments, Which proceeds 
With reference to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] While the appended claims set forth the features of 
the present invention With particularity, the invention, 
together With its objects and advantages, may be best 
understood from the folloWing detailed description taken in 
conjunction With the accompanying draWings of Which: 

[0025] FIG. 1 is a block diagram generally illustrating an 
exemplary computing environment in Which databases and 
other softWare structures are implemented along With 
higher-level languages being used to describe desired ser 
vices, including services pertaining to the database; 

[0026] FIG. 2 is a ?oWchart summariZing an exemplary 
set of steps of preprocessing, compiling, linking and execut 
ing a computer program in a computing environment; 

[0027] FIG. 3 is a ?oWchart summariZing exemplary steps 
of an embodiment that introduces statements in the program 
code to generate an ef?cient runtime executable in accor 
dance With the invention; 

[0028] FIG. 4 is a How diagram illustratively depicting 
compilation of a program using a preprocessor, a compiler 
and a linker; 

[0029] FIG. 5 is a How chart illustrating an exemplary set 
of steps for introducing a global variable re?ecting the 
context of command in an embodiment of the invention; 

[0030] FIG. 6 is a How diagram illustratively depicting 
transformation of a program from high level instructions to 
executable code, including transformation to the pre-pro 
cessed code and subsequent incorporation of particular 
object modules based upon a detected context; 

[0031] FIG. 7 is a How diagram illustrating the different 
implementations for a second statement due to the occur 
rence or non-occurrence of a ?rst statement in a computer 

program in accordance With an embodiment of the inven 
tion; and 

[0032] FIG. 8 illustrates exemplary linker libraries. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] Turning to the draWings, Wherein like reference 
numerals refer to like elements, the invention is illustrated as 
being implemented in a suitable computing environment. 
Although not required, the invention Will be described in the 
general context of computer-executable instructions, such as 
program modules, being executed in a computing environ 
ment. Generally, program modules include routines, pro 
grams, objects, components, data structures, etc. that per 
form particular tasks or implement particular abstract data 
types. Moreover, those skilled in the art Will appreciate that 
the invention may be practiced With other computer system 
con?gurations, including hand-held devices, multi-proces 
sor systems, microprocessor based or programmable con 
sumer electronics, netWork PCs, minicomputers, mainframe 
computers, and the like. The invention may also be practiced 
in distributed computing environments Where tasks are 
performed by remote processing devices that are linked 
through a communications netWork. In a distributed com 
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puting environment, program modules may be located in 
both local and remote memory storage devices. 

[0034] FIG. 1 illustrates an example of a suitable com 
puting system environment 100 on Which the invention may 
be implemented. The computing system environment 100 is 
only one example of a suitable computing environment and 
is not intended to suggest any limitation as to the scope of 
use or functionality of the invention. Neither should the 
computing environment 100 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. 

[0035] The invention is operational With numerous other 
general-purpose or special-purpose computing system envi 
ronments or con?gurations. Examples of Well-knoWn com 
puting systems, environments, and con?gurations that may 
be suitable for use With the invention include, but are not 
limited to, personal computers, server computers, hand-held 
or laptop devices, multiprocessor systems, microprocessor 
based systems, set top boxes, programmable consumer elec 
tronics, netWork PCs, minicomputers, mainframe comput 
ers, and distributed computing environments that include 
any of the above systems or devices. 

[0036] The invention may be described in the general 
context of computer-executable instructions, such as pro 
gram modules, being executed by a computer. Generally, 
program modules include routines, programs, objects, com 
ponents, data structures, etc., that perform particular tasks or 
implement particular abstract data types. The invention may 
also be practiced in distributed computing environments 
Where tasks are performed by remote processing devices that 
are linked through a communications netWork. In a distrib 
uted computing environment, program modules may be 
located in both local and remote computer storage media 
including memory storage devices. 

[0037] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general-purpose 
computing device in the form of a computer 110. Compo 
nents of the computer 110 may include, but are not limited 
to, a processing unit 120, a system memory 130, and a 
system bus 121 that couples various system components 
including the system memory to the processing unit 120. 
The system bus 121 may be any of several types of bus 
structures including a memory bus or memory controller, a 
peripheral bus, and a local bus using any of a variety of bus 
architectures. By Way of example, and not limitation, such 
architectures include Industry Standard Architecture (ISA) 
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnect 
(PCI) bus, also knoWn as MeZZanine bus. 

[0038] The computer 110 typically includes a variety of 
computer-readable media. Computer-readable media can be 
any available media that can be accessed by the computer 
110 and include both volatile and nonvolatile media, remov 
able and non-removable media. By Way of example, and not 
limitation, computer-readable media may include computer 
storage media and communications media. Computer stor 
age media includes volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information such as computer-readable 
instructions, data structures, program modules, or other data. 
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Computer storage media include, but are not limited to, 
random-access memory (RAM), read-only memory (ROM), 
EEPROM, ?ash memory, or other memory technology, 
CD-ROM, digital versatile disks (DVD), or other optical 
disk storage, magnetic cassettes, magnetic tape, magnetic 
disk storage, or other magnetic storage devices, or any other 
medium Which can be used to store the desired information 
and Which can accessed by the computer 110. Communica 
tions media typically embody computer-readable instruc 
tions, data structures, program modules, or other data in a 
modulated data signal such as a carrier Wave or other 
transport mechanism and include any information delivery 
media. The term “modulated data signal” means a signal that 
has one or more of its characteristics set or changed in such 
a manner as to encode information in the signal. By Way of 
example, and not limitation, communications media include 
Wired media such as a Wired netWork and a direct-Wired 
connection and Wireless media such as acoustic, RF, and 
infrared media. Combinations of the any of the above should 
also be included Within the scope of computer-readable 
media. 

[0039] The system memory 130 includes computer stor 
age media in the form of volatile and nonvolatile memory 
such as ROM 131 and RAM 132. A basic input/output 
system (BIOS) 133, containing the basic routines that help 
to transfer information betWeen elements Within the com 
puter 110, such as during start-up, is typically stored in ROM 
131. RAM 132 typically contains data and program modules 
that are immediately accessible to or presently being oper 
ated on by processing unit 120. By Way of example, and not 
limitation, FIG. 1 illustrates an operating system 134, appli 
cation programs 135, other program modules 136, and 
program data 137. Often, the operating system 134 offers 
services to applications programs 135 by Way of one or more 
application programming interfaces (APIs) (not shoWn). 
Because the operating system 134 incorporates these ser 
vices, developers of applications programs 135 need not 
redevelop code to use the services. Examples of APIs 
provided by operating systems such as Microsoft’s “WIN 
DOWS” are Well knoWn in the art. 

[0040] The computer 110 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. By Way of example only, FIG. 1 illustrates a hard 
disk interface 140 that reads from and Writes to non 
removable, nonvolatile magnetic media, a magnetic disk 
drive 151, Which may be internal or external, that reads from 
and Writes to a removable, nonvolatile magnetic disk 152, 
and an optical disk drive 155 that reads from and Writes to 
a removable, nonvolatile optical disk 156 such as a CD 
ROM. Other removable/non-removable, volatile/nonvolatile 
computer storage media that can be used in the exemplary 
operating environment include, but are not limited to, mag 
netic tape cassettes, ?ash memory cards, DVDs, digital 
video tape, solid state RAM, and solid state ROM. The hard 
disk drive 141, Which may be internal or external, is typi 
cally connected to the system bus 121 through a non 
removable memory interface such as interface 140, and 
magnetic disk drive 151 and optical disk drive 155 are 
typically connected to the system bus 121 by a removable 
memory interface, such as interface 150. 

[0041] The drives and their associated computer storage 
media discussed above and illustrated in FIG. 1 provide 
storage of computer-readable instructions, data structures, 
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program modules, and other data for the computer 110. In 
FIG. 1, for example, hard disk drive 141 is illustrated as 
storing an operating system 144, application programs 145, 
other program modules 146, and program data 147. Note 
that these components can either be the same as or different 
from the operating system 134, application programs 135, 
other program modules 136, and program data 137. The 
operating system 144, application programs 145, other pro 
gram modules 146, and program data 147 are given different 
numbers here to illustrate that they may be different copies. 
A user may enter commands and information into the 
computer 110 through input devices such as a keyboard 162 
and pointing device 161, commonly referred to as a mouse, 
trackball, or touch pad. Other input devices (not shoWn) may 
include a microphone, joystick, game pad, satellite dish, and 
scanner. These and other input devices are often connected 
to the processing unit 120 through a user input interface 160 
that is coupled to the system bus, but may be connected by 
other interface and bus structures, such as a parallel port, 
game port, or a universal serial bus (USB). Amonitor 191 or 
other type of display device is also connected to the system 
bus 121 via an interface, such as a video interface 190. In 
addition to the monitor, computers may also include other 
peripheral output devices such as speakers 197 and printer 
196, Which may be connected through an output peripheral 
interface 195. 

[0042] The computer 110 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as a remote computer 180. The 
remote computer 180 may be a personal computer, a server, 
a router, a netWork PC, a peer device, or other common 
netWork node, and typically includes many or all of the 
elements described above relative to the computer 110, 
although only a memory storage device 181 has been 
illustrated in FIG. 1. The logical connections depicted in 
FIG. 1 include a local area netWork (LAN) 171 and a Wide 
area netWork 173, but may also include other 
netWorks. Such netWorking environments are commonplace 
in offices, enterprise-Wide computer netWorks, intranets, and 
the Internet. 

[0043] When used in a LAN netWorking environment, the 
computer 110 is connected to the LAN 171 through a 
netWork interface or adapter 170. When used in a WAN 
netWorking environment, the computer 110 typically 
includes a modem 172 or other means for establishing 
communications over the WAN 173, such as the Internet. 
The modem 172, Which may be internal or external, may be 
connected to the system bus 121 via the user-input interface 
160, or via another appropriate mechanism. In a netWorked 
environment, program modules depicted relative to the 
computer 110, or portions thereof, may be stored in a remote 
memory storage device. By Way of example, and not limi 
tation, FIG. 1 illustrates remote application programs 185 as 
residing on memory device 181, Which may be internal or 
external to the remote computer 180. It Will be appreciated 
that the netWork connections shoWn are exemplary and other 
means of establishing a communications link betWeen the 
computers may be used. 

[0044] In the description that folloWs, the invention Will 
be described With reference to acts and symbolic represen 
tations of operations that are performed by one or more 
computers, unless indicated otherWise. As such, it Will be 
understood that such acts and operations, Which are at times 
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referred to as being computer-executed, include the manipu 
lation by the processing unit of the computer of electrical 
signals representing data in a structured form. This manipu 
lation transforms the data or maintains them at locations in 
the memory system of the computer, Which recon?gures or 
otherWise alters the operation of the computer in a manner 
Well understood by those skilled in the art. The data struc 
tures Where data are maintained are physical locations of the 
memory that have particular properties de?ned by the format 
of the data. HoWever, While the invention is being described 
in the foregoing context, it is not meant to be limiting as 
those of skill in the art Will appreciate that various of the acts 
and operations described hereinafter may also be imple 
mented in hardWare. 

[0045] An embodiment of the present invention illustrated 
in FIG. 2 enables a softWare developer to efficiently develop 
applications suitable for particular applications, including 
those for accessing, managing and otherWise utiliZing data 
bases. During step 200 a programmer or developer generates 
program code comprising procedural and non-procedural 
programming languages. Examples of suitable program 
ming languages include ESQL that alloWs embedding SQL 
commands in programs Written in the C programming 
language. The program code is pre-processed by a macro 
preprocessor during step 205. During step 205 the macro 
preprocessor examines the source code for an occurrence of 
one or more speci?ed statements. During step 210 any one 
of the speci?ed statements is detected. Then the macro 
preprocessor introduces a declaration for a ?rst variable that 
is explicitly not de?ned. In the case of ESQL the ?rst 
variable is declared using the “extern” key Word to indicate 
to a compiler that no storage should be allocated since it 
Would be allocated in another module. The macro-prepro 
cessor also inserts statements that are in the form of function 
calls compliant With the Open Data Base Connectivity 
(“ODBC”) standard during step 215, but may include other 
mechanisms. Step 215 provides the proprietary implemen 
tations for a particular database since, as explained earlier, 
the actual implementation of a non-procedural language 
statement is not speci?ed. 

[0046] During step 220 a compiler converts the macro 
preprocessor output to loW-level instructions. Next, during 
step 225 a linker starts to resolve references using a library 
having a ?rst object module that includes a de?nition for the 
?rst variable introduced by the macro-preprocessor at step 
210. If the linker detects during step 230 that the variable 
introduced by the macro-preprocessor has to be resolved 
then control transfers to step 235. During step 235 the linker 
links the ?rst object module having a de?nition for the 
declared variable introduced by the macro-preprocessor 
from the appropriate library. On the other hand, during step 
230 if the linker does not detect the variable introduced by 
the macro-preprocessor then control is transferred to step 
240. During step 240 the linker does not link in the ?rst 
object module since the ?rst variable does not need to be 
resolved. As is readily apparent, the presence or absence of 
the ?rst module in the executable is strictly dependent on the 
presence or absence of the speci?ed statement tested in step 
205. 

[0047] FIG. 3 illustrates an embodiment of the invention 
enabling setting the value of a variable to a non-default value 
in response to detecting a speci?ed statement. Steps 300 and 
305 of FIG. 3 correspond to steps 225 and 230 respectively 
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of FIG. 2. If the declaration introduced by the macro 
preprocessor does not have a de?nition, then control passes 
from step 305 to step 310. During step 310 the linker 
includes a ?rst object module to resolve the ?rst variable. 
Furthermore, the ?rst object module introduces a non 
default value for a second variable. 

[0048] If the linker does not encounter a declaration for 
the ?rst variable, i.e., the macro-preprocessor did not detect 
the speci?ed statement, then there is no ?rst variable to 
resolve and control passes to step 315 from step 305. During 
step 315, the linker bypasses the ?rst module because the 
?rst variable does not have to be resolved. During step 320 
the linker includes a second object module to carry out a 
command, such as a DELETE command, in the source code. 
If the second object module includes a declaration for the 
second variable Without a de?nition, as determined in step 
325, then the control shifts to step 330. 

[0049] The determination of the second variable declara 
tion during step 325 results from the second variable’s 
presence in a symbol table for the second object module and 
the absence of a corresponding memory allocation. During 
step 330 the linker continues to scan the linker libraries in an 
effort to resolve the second variable. Step 335 includes 
inclusion of a third module by the linker to resolve the 
second variable. The third object module, that is also the last 
module in the linker library, provides a de?nition setting a 
default value, e.g., 0, for the second variable. This value is 
in contrast With the non-default value set in the ?rst object 
module. The linker did not include the ?rst module since the 
?rst object module Was encountered prior to the entry of the 
unresolved reference to the second variable included during 
step 325. 

[0050] It should be noted that While the linker encounters 
the ?rst module prior to the second module, the third object 
module is encountered after the second module. On the other 
hand, during step 325 if the linker does not detect a second 
variable to be resolved, then control passes to step 340. 
During step 340 the linker continues Without resolving the 
second variable or including the third object module. 

[0051] AsoftWare application includes one or more object 
modules that often correspond to source code ?les as is 
shoWn in FIG. 4. A softWare program 400 has one or more 
source ?les 405 corresponding to the object modules. Some 
of the source ?les include commands in a higher-level 
language, such as function calls or even instructions in 
scripted language. Code corresponding to each of these 
commands is substituted to actually implement the instruc 
tion. Thus, a macro-preprocessor 415 converts the computer 
program 400 having ?les 405 in FIG. 4 to yield prepro 
cessed program code comprising ?les 410 and possibly 
additional statements 420 in a compilable language. 

[0052] An example of such a system is the SQL language 
and its extension in ESQL. SQL ensures that some stan 
dardiZed tasks can be performed Without locking users into 
particular implementations. ESQL enables embedding SQL 
statements in one or more higher-level languages. A macro 
preprocessor replaces the embedded SQL statements by 
implementation-speci?c code compiled along With the 
higher-level language statements. Thus, an exemplary ESQL 
processor Works by reading C language statements With 
interspersed Structured Query Language (SQL) statements. 
The SQL statements are converted into Open Database 
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Connectivity (ODBC) compliant calls. The resulting source 
code is compiled and linked. For illustration purposes, FIG. 
4 shoWs the result of compiling the preprocessed program 
code 420 by compiler 425 to generate object code. This 
object code includes, in the various object modules con 
tained therein, unresolved references 430, compiled code 
435 corresponding to the ?les 410 and the compiled macro 
preprocessor introduced statements 440. 

[0053] This object code is subsequently, acted upon by a 
linker 455. Linker 455 supplies additional object modules to 
resolve unresolved references 430 by providing object code 
from libraries 445 and additional object ?les 450 that are 
included by the user. The linker 455 also ensures that the 
different object modules have the proper offsets relative to 
each other to alloW execution of a single executable 460. The 
executable 460 is executed in an environment similar to 
computing environment 100. 

[0054] In an embodiment of the present invention, a ?rst 
statement, such as SAVEPOINT, in a program requires a 
different implementation for a second statement such as 
DELETE. TWo possible implementations for the second 
statement independently designate performance characteris 
tics at runtime. These implementations are provided in 
different object modules corresponding to the same instruc 
tion or statement. Thus, it is desirable that the code that 
actually implements the additional program instructions 
including the second statement should be sensitive to the 
occurrence or non-occurrence of the ?rst statement. 

[0055] Instead of requiring developers to examine all 
source code ?les to discover an occurrence of the ?rst 
statement, a macro-preprocessor discovers an occurrence of 
the ?rst statement. The macro-preprocessor is designed to 
respond to a context de?ned by the occurrence or non 
occurrence of one or more statements of interest. Further 
more, modi?ed linker libraries include object modules for 
resolving variables introduced by the macro-preprocessor. 
Additional modi?cations to the linker libraries alloW object 
modules in the linker libraries to use one or more of the 
global variables representing a context While selecting code 
for execution at runtime. 

[0056] Exemplary embodiments in accordance With the 
invention are described herein beloW Without intending to 
limit the invention to these embodiments. In an embodiment 
of the invention the fact that a variable that is declared but 
not de?ned is set to default value, e.g., 0, is used to select 
code for execution. Thus, if the variable is given a non 
default value upon encountering a statement of interest then 
code relevant to the statement of interest is executed. Select 
ing code based on the value of the variable results in faster 
code although Without reduction in the footprint of the 
executable. The folloWing pseudo-code illustrates such a 
variable to conditionally execute a code segment: 

[0057] IF (_FIRST_STATEMENT_DETECTED == 
0) THEN 

[0058] {Execute efficient code for implementing sec 
ond statement because the ?rst statement is not being 

used} 
[0059] ELSE 

[0060] {Execute the code With the overhead for 
implementing the second statement because the ?rst 
statement Was detected} 

[0061] END 
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[0062] The variable _FIRST_STATEMENT_DETECTED 
is declared and de?ned in a statement introduced by the 
macro-preprocessor if the macro-preprocessor encounters 
the ?rst statement in any of the program ?les. 

[0063] In the context of ESQL the implementation of the 
SQL statement, SAVEPOINT, provides an illustration of a 
global variable to ?ag a particular context. SAVEPOINT 
alloWs restoration of an earlier state, i.e., undoing a set of 
operations on a database. Therefore, if SAVEPOINT is used 
then the various state de?ning parameters need to be saved 
as other commands/statements are executed. Upon detecting 
SAVEPOINT the ESQL processor injects a declaration into 
the C stream of the form: 

[0064] extern int_OCC_SAVEPOINT_USED; 
[0065] The “extern” keyWord informs the compiler that 
storage for _OCC_SAVEPOINT_USED is allocated in 
another ?le. Therefore, the compiler does not initialiZe 
_OCC_SAVEPOINT_USED. The linker uses tWo or more 
libraries such that the ?rst library used by the linker contains 
as its ?rst object module compiled code corresponding to the 
source code: 

[0066] int_OCC_SAVEPOINT_USED = 1; 

[0067] int _OCC_SAVEPOINT_ENABLED = 1; 

[0068] and the second library contains in its last 
object module compiled code corresponding to the 
source code: 

[0069] int _OCC_SAVEPOINT_ENABLED = 0; 

[0070] In the linking process, if the macro-preprocessor 
injects a declaration for variable _OCC_SAVEPOIN 
T_USED, the linker includes the ?rst object module to 
provide a de?nition. The ?rst object module provides a 
declaration and a value for _OCC_SAVE 
POINT_ENABLED as illustrated. Subsequently, other 
object modules in the library include instructions that test 
variable _OCC_SAVEPOINT_ENABLED to ?ag Whether 
SAVEPOINT has been used in any of the source ?les. If 

_OCC_SAVEPOINT_ENABLED is set, processing for 
SAVEPOINT Will proceed. If _OCC_SAVEPOINT_USED 
is not set, the other object modules Will not incur processing 
for SAVEPOINT. 

[0071] In another embodiment of the invention, any pro 
gram object module using the SAVEPOINT feature includes 
the declaration: 

[0072] int_OCC_SAVEPOINT_NOT_USED; 
[0073] A variable declaration assumes that upon ?rst 
encountering the variable the compiler sets the variable to 
Zero by default unless the contrary is indicated. HoWever, 
this is not a requirement. And, multiple declarations in other 
object modules are harmless. The linker uses a library 
containing an object module having compiled code corre 
sponding to the folloWing code: 

[0074] int_OCC_SAVEPOINT_NOT_USED = 1; 

[0075] The macro-preprocessor declares _OCC_SAVE 
POINT_NOT_USED resulting in the linker including the 
library object module setting _OCC_SAVEPOINT_NO 
T_USED to 1 only if _OCC_SAVEPOINT_NOT_USED is 
not declared elseWhere in the main program. (Note carefully 
the logical NOT: if the variable is not used in the main 
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program, it is set to one or TRUE.) Then any other object 
module in the library can test _OCC_SAVEPOINT_NO 
T_USED to decide if SAVEPOINT is used in any module in 
the program. 

[0076] In another embodiment of the invention, a program 
object module using the SAVEPOINT feature Will include a 
series of declarations having a global scope: 

[0077] int _OCC_SAVEPOINT_USED; 
[0078] The ?rst object module in the library contains 
compiled code corresponding to 

[0079] int_OCC_SAVEPOINT_USED = 1; 

[0080] int_OCC_SAVEPOINT_MODULEi1; 

[0081] int_OCC_SAVEPOINT_MODULEi2; 
[0082] . and so on up to the number of separate 

object modules containing code dedicated for imple 
menting SAVEPOINT. Each of the separate object 
modules for implementing SAVEPOINT contain a 
matching de?nition 

[0083] int_OCC_SAVEPOINT_MODULEi1 = 1; 

[0084] The ?rst object module is included in the execut 
able program [Please clarify the reason for the linker includ 
ing the ?rst object module since _OCC_SAVEPOIN 
T_USED is presumably set to 0 by the compiler and does not 
need to be resolved by the linker. The same reason Will 
presumably apply to the remaining object modules. If not, 
please clarify.]. In this Way, those object modules containing 
code for SAVEPOINT can be included in the executable 
When required. 

[0085] The invention uses Well knoWn rules for prepro 
cessing, compiling and linking computer programs, particu 
larly programs using the C or C++ programming language to 
improve the development of application programs. It pro 
vides a method for developing a computer program using a 
non-procedural programming language. The method 
includes declaring at least one ?rst variable in a ?rst source 
?le responsive to detecting a ?rst statement conforming to 
the non-procedural programming language. A macro-pre 
processor examining the source code introduces a declara 
tion statement for the ?rst variable. A compiler compiles the 
?rst source ?le to generate a ?rst object module folloWed by 
linking using at least one library. The linker includes a 
second object module containing a de?nition for the ?rst 
variable to resolve the ?rst variable. The second object 
module includes access to code to support implementation 
of the ?rst statement. This access includes references to 
functions that are invoked by other statements to ensure 
proper execution of the ?rst statement. 

[0086] Furthermore, an additional non-procedural pro 
gramming language is used to provide a third statement 
conforming to the additional non-procedural programming 
language. 
[0087] The ?oWchart in FIG. 5 describes an embodiment 
of the invention that enables including object modules from 
linker libraries to support additional overhead in the imple 
mentation of a DELETE statement. The additional overhead 
is required by the execution of one or more additional 
speci?ed statements such as SAVEPOINT. In step 500 a 
computer program having the DELETE non-procedural pro 
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gramming language statement is pre-processed. HoWever, 
the additional buffering overhead needs to be incurred only 
if the SAVEPOINT command or the ROLLBACK command 
is used in the computer program. 

[0088] To ?ag the need for incurring an overhead the 
pre-processor introduces a declaration for a variable _VAR1 
as being an “extern” upon encountering a ROLLBACK or 
SAVEPOINT statement during step 505. Declaring the vari 
able to be “extern,” in a C like programming language, 
informs the compiler that the variable de?nition is in another 
?le external to the ?le being compiled. Consequently, the 
compiler does not initialiZe the variable during compilation 
in step 510. 

[0089] FolloWing compilation, the object ?les generated 
by the compiler during step 510 are linked in step 515 using 
a linker program that resolves variable references in the 
object ?les. The linker detects if _VAR1 lacks a de?nition 
during step 520. If _VAR1 lacks a de?nition then the linker 
resolves _VAR1 by examining the linker libraries for an 
object module having a de?nition for _VAR1, i.e., specify 
ing memory for _VAR1. A value for a variable can be 
speci?ed only after memory allocation for storing the vari 
able value. During step 525 the linker encounters a ?rst 
linker library V1 having an object module M1 that provides 
a de?nition setting _VAR1 to 1 along With a de?nition 
setting an additional global variable _VAR2 to a non-default 
value of 1. During step 525 inclusion of object module M1 
by the linker results in automatically including _VAR2 in a 
symbol table for the program being created by the linker. 
Other object modules included by the linker can include 
instructions to test the value of _VAR2 to detect if object 
module M1 has been included. Notably, _VAR2 does not 
occur in the computer program, but is used in one or more 
of the additional object modules included in the linker 
libraries. 

[0090] In the absence of an unresolved occurrence of 
_VAR1 in the pre-processed code, the linker does not 
include object module M1. Instead control is transferred to 
step 530. During step 530, the occurrence of _VAR2 in other 
object modules included by the linker results in the linker 
including an object module M2 to provide a declaration for 
_VAR2. The object module M2 and M1 can be given the 
same name but are not in the same linker library, V1. Thus, 
the linker includes only one of modules M1 or M2. In other 
Words, the linker includes object module M1 prior to encoun 
tering object module M2 if a SAVEPOINT or ROLLBACK 
command is encountered. OtherWise, object module M2 is 
included, thus precluding any need to include object module 
M1 (step 525). The executable constructed by this procedure 
differs in its siZe based on Whether SAVEPOINT or ROLL 
BACK commands are being used. 

[0091] FIG. 6 further illustrates an embodiment in accor 
dance With the invention. In FIG. 6 preprocessed program 
code 600 includes ?les such as ?le 605 and ?le 610 With ?le 
605 having some statements 615 introduced by the prepro 
cessor. Preprocessed code 600 is compiled to obtain object 
code 630 having object module, e.g., object module 620 and 
object module 625. Linker links object modules using link 
libraries. The linked version includes conditional on an 
unresolved declaration of _VAR1 object module M1 640 
resulting in a fat version 650. The object module M1 
provides support for the extra overhead in response to the 
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macro-preprocessor declaration 615 in the preprocessed 
program code 600. In contrast the absence of the macro 
preprocessor declaration 615 results in the inclusion of 
object module M2 645 and generation of a thin version 655. 

[0092] FIG. 7 is a ?oWchart that tracks the implementa 
tion of a statement AAin a computer program in accordance 
With the invention. Statement AA has at least tWo possible 
code implementations that are suited to contexts de?ned by 
the presence or absence of another statement BB. If state 
ment BB is present then implementation code A1 is pre 
ferred While the absence of statement BB results in imple 
mentation A2 being preferred. The preprocessing of the 
computer program begins at step 700. During step 705 the 
macro-preprocessor examines source code to detect the 
presence of statement BB. If statement BB is present then 
the pre-processor introduces a declaration for a variable 
_VARl during step 710. On the other hand, a failure to 
detect statement BB results in no such declaration being 
introduced during step 715. The compiler compiles the 
pre-processor output during steps 720 and 725 folloWing 
steps 710 and 715 respectively. 

[0093] FolloWing compilation, the linker does not locate a 
de?nition of _VARl because it does not occur elseWhere in 
the computer program. Consequently, during step 730, 
Which folloWs step 725, the linker does not include the ?rst 
object module M1. Object module M1 has a de?nition for 
_VARl and a declaration and de?nition setting another 
variable _VAR2 to a non-default value Where _VAR2 is 
found in object modules in the linker libraries but not in the 
computer program. On the other hand, introduction of 
_VARl by the macro-preprocessor results in the inclusion of 
object module M1 by the linker during step 735, Which 
folloWs step 720, since the linker encounters the object 
module M1 prior to the object module M2. Note that object 
module M2 is the last object module in each linker library 
used by the linker and introduces a default value, such as 0 
for _VAR2. 

[0094] FolloWing inclusion of object module M1 the linker 
does not include object module M2. In contrast, since object 
module M2 includes a de?nition of _VAR2, it is included if 
object module M1 is not included to resolve references to 
_VAR2 in other object modules. Thus, the inclusion of M1 
and M2 by the linker is on a mutually exclusive basis. M1 
provides access to code supporting added functionality 
required by the statement AA if statement BB occurs in the 
computer program. M2, on the other hand, has no such 
functionality. 

[0095] In an embodiment of the invention, an application 
uses a global variable to alter its behavior based on the use 
or non-use of a feature. Because the detection of the value 
of the global variable’s value occurs at run-time, the code 
supporting both cases is linked into the application as 
illustrated beloW: 
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[0096] The application is not linked against either library. 
Instead, statically linked Wrappers With those function 
names are provided. These Wrappers explicitly load the 
correct library and obtain the address of the requested 
function Within that library. Thereafter, they merely forWard 
all calls to the dynamically loaded function. 

[0097] In order to produce an executable, the linker must 
include both do_thing_the_XYZ_Way( ) and do_thing_th 
e_other_Way( In order to reduce the runtime footprint the 
implementations of do_thing_the_XYZ_Way( ) and do_th 
ing_the_other_Way( ) are placed in separately named 
dynamically loaded libraries. The program itself makes calls 
to do_thing_the_XYZ_Way( ) With that entry-point resolved 
at link-time from a library containing the Wrapper described 
immediately above. The ?rst time the Wrapper is invoked at 
run-time, the Wrapper loads the appropriate dynamically 
loaded library, ?nds and stores the entry-point of the same 
name function Within that library, and invoked that entry 
point. At subsequent invocations of the Wrapper, the stored 
entry-point is used immediately With no additional over 
head. 

[0098] In an exemplary embodiment of the invention, 
given that a stub routine do_thing( ) is statically linked into 
the executable, a dynamically-linked version of the code is 
as folloWs: 

int ?rsticall = 0; 

if( ?rsticall) { 
?rsticall = 1; 
properiroutine = chooseithing( ); 

properiroutine( ); 

Where chooseithing( ) consists of the following code: 
chooseithing( ) { 

if(iFEATUREiXYZiUSED) { 
openidynamicilibrary(XYZ); 
return pointer to doithingitheiXYZiWa? ); 

} else { 
openidynamicilibrary(notiXYZ); 
return point to doithingitheiotheriwa? ); 

[0099] In other Words, in the ?rst instance Where invoking 
either do_thing_the_XYZ_Way( ) or do_thing_the_other 
_Way( ) results in the actual call being to the general 
choose_thing() function. In turn, choose_thing() checks the 
_FEATURE_XYZ_USED ?ag, opens the appropriate ver 
sion of the dynamic library and loads the correct version of 
the routine. The choose_thing( ) routine returns the correct 
version, that overloads some other name, such as proper 
_routine( Then, upon calling the proper_routine( ) results 
in aliasing it to the correct version of the routine from the 
correct library. 

if (iFEATUREiXYZiUSED) {/* Or, if(lfFEATUREfXYZfNOTfUSED) */ 
doithingitheiXYZiWa? ); 

} else { /* feature XYZ not used */ 
doithing_theiotheriway( ); 
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[0100] In an alternative exemplary embodiment of the 
invention, very early in the executable program, the folloW 
ing code is executed: 

main( ) { 

if(iFEATUREiXYZiUSED ) { 
loadidl(doiXYZithings); 

} else { 
loadidl(doiotherithings); 

[0101] Where load_d1( ) opens and loads a dynamic 
library. In this case, both the dynamically-loadable libraries 
do_XYZ_things and do_other_things contain the same entry 
points, except that in the ?rst case they are Written to use 
feature XYZ. After the appropriate dynamic library is 
loaded, the correct versions of the routines are used on 
subsequent calls. 

[0102] In another embodiment of the invention, the Wrap 
per includes a check on the global variable’s state and 
reports an error if the application attempts to call the 
function in the Wrong state. For instance, the do_thing_th 
e_XYZ_Way( ) Would report an error if it found _FEATUR 
E_XYZ_USED Was false. 

[0103] By avoiding the implicit link to both versions of the 
do_thing functionality (in separate libraries), “snapping” the 
links to the library With knoWn entrypoints that are not going 
to be used based on link-time recognition is avoided With a 
reduction in the start-up overhead and memory consump 
tion. 

[0104] “Snapping” the links refers to run-time resolution 
of entry-points left unresolved at load-time. Entry-points 
?agged at load-time for resolution at run-time are stored in 
a special area of the program image ?le. When the program 
image ?le is loaded into memory at run-time, the entry-point 
linkages in this special area are ?lled With the correct 
addresses of the actual function entry-points in the dynami 
cally loaded library containing the entry point linkages. This 
differs from load-time linking, Where the address of the 
actual function is knoWn at load-time. The operating sys 
tem’s program loader handles the “snapping” of links 
responsible for loading a program image into memory for 
execution. 

[0105] Another embodiment indirectly calls the Wrapper 
function through a function pointer-table entry. After the 
Wrapper dynamically loads the appropriate library, it 
changes the function pointer-table entry to point directly to 
the matching function in the loaded library. The Wrapper 
appears in a statically-linked library (i.e. its address is 
resolved at load-time). FolloWing initialiZation of the above 
described table, an entry “n” contains the address of the 
Wrapper. If a program built in accordance With this embodi 
ment Wants to perform do_thing( ), then rather than directly 
invoking an entry-point (that is resolved at load time or 
snapped from some dynamic library at run time), the pro 
gram invokes the function pointed to by entry “n” of the 
table. The ?rst time this invocation occurs, the entry is 
pointing at the Wrapper described above. This Wrapper 
replaces the entry With a pointer to the correct function (i.e. 
the one indicated by the value of _FEATURE_XYZ_USED) 
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and then calls that function. On subsequent invocations 
(invocation via entry “n” in the table), the correct function 
is called directly and Without invoking the Wrapper. 

[0106] A“helper” function appears in the statically-linked 
library. This helper performs the functions of the aforemen 
tioned Wrapper function for every entry in the table. The 
helper function checks the appropriate _FEATURE_xxxx 
_USED variables, loads the matching library, ?nds the 
matching function name, and places the address of that 
entry-point into the appropriate table entry. If a program 
built in accordance With this embodiment Wants to perform 
do_thing( ), then rather than directly invoking an entry-point 
(that is resolved at loadtime or snapped from some dynamic 
library at run time), the program invokes the function 
pointed to by entry “n” of the table. The ?rst time any 
function available through this table is invoked (say, entry 
“i”), the entry is pointing at the Wrapper described above. 
The Wrapper invoked helper function replaces each entry in 
the table With a pointer to the correct function. The Wrapper 
then calls the function via entry “i.” On subsequent invo 
cations (invocation via any entry “j” in the table), the correct 
function is called directly Without the need to invoke the 
Wrapper. 

[0107] The preceding description illustrates the selection 
of different object modules by the linker to alloW the same 
command to use tWo different implementations in a manner 
responsive to the program code environment. The invention 
is not limited to the embodiment described above or to the 
proposed implementation of the SAVEPOINT command. 
Other commands of interest can be similarly handled. The 
earlier illustrations of other Ways for the macro-preprocessor 
to introduce statements are also easily adapted to result in 
the context-sensitive exclusion or inclusion of a particular 
object module. 

[0108] Moreover, implementations of the invention 
include computer-readable medium having computer 
executable instructions for performing the steps of a method 
for constructing a computer program developed. The com 
puter-readable medium has computer executable instruc 
tions for performing the step of declaring the ?rst variable in 
the ?rst source ?le by insertion of a ?rst variable declaration 
statement by a macro-preprocessor responsive to the detec 
tion of the ?rst statement of the non-procedural program 
ming language. 

[0109] The design of suitable linker libraries is modi?ed in 
accordance With the invention. FIG. 8 illustrates an embodi 
ment of linker libraries With object modules and libraries 
corresponding to the order in Which the libraries are used to 
resolve references. Naturally, ?rst the unresolved references 
in the source program code are resolved folloWed by refer 
ences that need to be resolved due to object modules so 
included. In FIG. 8 a ?rst linker library V1 800 has a ?rst 
object module M1 805. The ?rst object module M1 805 has 
a de?nition for _VARl 810 and another variable _VAR2 
With a non-default value 815. The de?nition for _VAR2 
implicitly introduces a declaration because memory alloca 
tion requires knoWledge of the type for the variable. Another 
linker library Vrn 825 has object modules M1 830. In par 
ticular, linker library Vrn 825 has an object module Mp 835 
having a de?nition 840 setting _VAR2 to a default value. 

[0110] Typically, the linker encounters the object module 
M1 805 earlier than any other object module, particularly 
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object module Mp 840. Advantageously, object module Mp 
840 is implemented as the last object module in a linker 
library to ensure the correct order of processing. 

[0111] In vieW of the many possible embodiments to 
Which the principles of this invention may be applied, it 
should be recognized that the embodiments described herein 
With respect to the draWing FIG.s is meant to be illustrative 
only and should not be taken as limiting the scope of 
invention. For example, those of skill in the art Will recog 
niZe that the elements of the illustrated embodiment shoWn 
in softWare may be implemented in hardWare and vice versa 
or that the illustrated embodiment can be modi?ed in 
arrangement and detail Without departing from the spirit of 
the invention. Therefore, the invention as described herein 
contemplates all such embodiments as may come Within the 
scope of the folloWing claims and equivalents thereof. 

We claim: 
1. Amethod of generating an executable from a computer 

program having a plurality of statements in a source code, 
the method comprising the steps of: 

inserting, by a macro-preprocessor, a declaration state 
ment for a ?rst variable in a ?rst source ?le in the 
computer program in response to detecting a ?rst 
statement thereby rendering a modi?ed ?rst source ?le; 

compiling the modi?ed ?rst source ?le to generate a ?rst 
object module; 

linking the ?rst object module to generate an executable 
program, the linking step including resolving the ?rst 
variable by linking a second object module having a 
de?nition corresponding to the ?rst variable; and 

providing a third object module in a linker library, the 
third object module corresponding to a second state 
ment and including code supporting the ?rst statement. 

2. The method of claim 1, Wherein the computer program 
includes statements conforming to a non-procedural pro 
gramming language. 

3. The method of claim 2, Wherein the computer program 
is created using at least one statement conforming to an 
embedded structured query language. 

4. The method of claim 1, Wherein the ?rst variable 
declaration excludes a de?nition for the ?rst variable. 

5. The method of claim 1, Wherein the code to support the 
?rst statement in the third object module includes instruc 
tions to carry out additional tasks required by the ?rst 
statement When implementing the second statement. 

6. The method of claim 5, Wherein the code to support the 
?rst statement is accessed in the third object module from 
the second object module. 

7. The method of claim 2, Wherein an additional non 
procedural programming language is used to provide a third 
statement conforming to the additional non-procedural pro 
gramming language, Wherein in response to detecting the 
third statement a second variable is declared in at least one 
source ?le in the computer program. 

8. The method of claim 1 Wherein the macro-preprocessor 
does not declare the ?rst variable in the modi?ed ?rst source 
?le if the macro-preprocessor does not detect the ?rst 
statement in the ?rst source ?le Whereby the ?rst object 
module is not linked With the second object module. 
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9. The method of claim 7, Wherein a fourth object module 
having a de?nition for the second variable is linked instead 
of the second object module. 

10. A computer-readable medium having computer 
executable instructions for performing the steps of a method 
of generating an executable from a computer program 
having a plurality of statements in a source code, the method 
comprising the steps of: 

inserting, by a macro-preprocessor, a declaration state 
ment for a ?rst variable in a ?rst source ?le in the 
computer program in response to detecting a ?rst 
statement thereby rendering a modi?ed ?rst source ?le; 

compiling the modi?ed ?rst source ?le to generate a ?rst 
object module; 

linking the ?rst object module to generate an executable 
program, the linking step including resolving the ?rst 
variable by linking a second object module having a 
de?nition corresponding to the ?rst variable; and 

providing a third object module in a linker library, the 
third object module corresponding to a second state 
ment and including code supporting the ?rst statement. 

11. A computer-readable medium as in claim 10, Wherein 
the computer program includes statements conforming to a 
non-procedural programming language. 

12. A computer-readable medium as in claim 11 having 
computer executable instructions in the computer program 
conforming to an embedded structured query language. 

13. A computer-readable medium as in claim 10, Wherein 
the code to support the ?rst statement in the third object 
module includes instructions to carry out additional tasks 
required by the ?rst statement When implementing the 
second statement. 

14. A computer-readable medium as in claim 13, Wherein 
the code to support the ?rst statement is accessed in the third 
object module from the second object module. 

15. A computer-readable medium as in claim 11, Wherein 
an additional non-procedural programming language is used 
to provide a third statement conforming to the additional 
non-procedural programming language, Wherein responsive 
to detection of the third statement a second variable is 
declared in at least one source ?le in the computer program. 

16. A computer-readable medium as in claim 10, Wherein 
the macro-preprocessor does not declare the ?rst variable in 
the modi?ed ?rst source ?le if the macro-preprocessor does 
not detect the ?rst statement in the ?rst source ?le Whereby 
the ?rst object module is not linked With the second object 
module. 

17. A computer-readable medium as in claim 15, Wherein 
a fourth object module having a de?nition for the second 
variable is linked instead of the second object module. 

18. A linker library for generating an executable by a 
linker linking compiled object modules, the linker library 
comprising a ?rst object module having a de?nition for a 
?rst variable providing a ?rst value to the ?rst variable and 
a declaration and de?nition for a second variable providing 
a second value to the second variable Whereby a second 
object module can test, at runtime, the second variable for 
the second value to determine if the ?rst object module is 
linked by the linker into the executable. 

19. The linker library of claim 18 Wherein the linker 
library has only one object module. 
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20. The linker library of claim 18 further having a third 
object module after the ?rst object module, the third object 
module having another declaration and de?nition for the 
second variable providing a third value to the second vari 
able. 

21. The linker library of claim 20 Wherein the third object 
module is the last object module in the linker library. 

22. A linker library comprising a last object module 
having a de?nition for a variable, the last object module 
folloWing at least one object module in the linker library 
Wherein the variable is declared in at least one object module 
distinct from the last object module. 
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23. A macro-preprocessor for preprocessing program 
source code, the program source code comprising program 
ming language statements such that an implementation of a 
?rst statement requires changing an implementation of a 
second programming language, Wherein the macro-prepro 
cessor introduces a declaration for a ?rst variable in a 

preprocessed program source code in response to detecting 
an occurrence of the ?rst programming statement in the 
program source code. 

24. The macro-processor of claim 23 Wherein the pro 
gramming language is a non-procedural programming lan 
guage. 


